Synopsis
In order to improve reproducibility of a quantitative hemagglutination inhibition test for Human Chorionic Gonadotropin, effects of bovine serum albumin, normal rabbit serum and nonpregnant urine on the sensitivity of this test have been studied. As concentration of BSA in a diluent increases up to 1%, the sensitivity increases proportionally. Effect of 2% NRS is comparable to that of 0.1% BSA. Effect of nonpregnant urine on the sensitivity of the test is varied from one individual to another. The mean effect of urine, however, nearly equals that of 0.1% BSA.
From the comparison of a direct and a serial dilution method, and of dilution in cool and at room temperature, it is suggested that the sensitivity increasing effect of protein could be ascribed to its protective action to HCG molecules.
The use of protein solution to dissolve standard HCG as well as urine samples is recommended for a quantitative or semi-quantitative assay of HCG in urine.
Although a quantitative or semi-quantitative hemagglutination inhibition test (HAIT) for Human Chorionic Gonadotropin (HCG) has been known to be subject to some nonspecific influences such as proteinuria (Fluthorpe et al., 1963; Hogan and Price, 1967) , malignant tumor (Salzberger and Nelken, 1963) and some medications (Tyler et al., 1964) , this method is hardly discarded in many clinical laboratories due to its simplicity and rapidity.
This paper is concerned with the effects of protein concentration in a solution and dilution method on the sensitivity of HAIT. Some suggestions to improve accuracy of HAIT will be made based on those results.
Materials and Methods
As the kit of HAIT for HCG, either Pregnosticon* or Gonavis ** was used according to the manufacturer's instructions.
Both have the same principle and sensitivity and are used with the same procedure.
Dilution of urine and solutions of HCG, bovine serum albumin (BSA)*** and normal rabbit serum (NRS) were made with 0.05M, pH 6.4 phosphate buffered saline (PBS). HCG used were the Japanese Pharmacopoeia Standard**** and Pregnyl*.All urines and HCG were diluted either double or 1.58 fold serially. 
Results
Effect of protein concentration on the sensitivity of HAIT Effect of increasing concentration of BSA in the diluent on the sensitivity of HAIT is shown in Table 1 concerned with a HCG standard. Proportional increase of sensitivity was seen from 0.001 up to 1.0% BSA concentration in the diluent.
When NRS was used instead of BSA, the sensitivity of HAIT was 1 iu/ml with 5 and 2% NRS in the diluent while it was 2 iu/ml with 1, 0.5, 0.2% and none of NRS in the diluent.
Effect of BSA concentration on the sensitivity of HAIT is shown in Table 2 with pregnant urines. The ratio of dilution of HCG at the end point ring between BSA and PBS varies from one to 1.583. There is a trend that this ratio increases as the dilution of the end point becomes higher. If the dilution of the end point is 1.582 times or more, the mean ratio is 1.582.17 which is about 2.72.
Effect of urine on the sensitivity of HAIT tested with HCG solution When urine from a variety of men, nonpregnant women and children was used as a diluent of HCG, the sensitivity increased from 1.58 to 1.583 (mean, 1.581.92=2.47) times that of HCG in PBS as seen in Table 3 .
Comparison between a serial dilution and a direct dilution method For instance, sixty-four times dilution was made by repeating two-fold serial dilution five times on the one hand and by adding 6.3ml of diluent to 0.1ml of original solution on the other hand. As seen in Table 4 , the ratio of dilution at the end point ring between saline and 1% BSA decreased with direct dilution method compared with serial dilution method.
Effect of temperature during dilution procedure on the sensitivity of HAIT The dilution of the end point ring advanced by one tube further when all the solutions had been kept in iced water throughout dilution procedure with HCG standard in PBS while the end point remained unchanged in 1% BSA compared with those diluted at room temperature, in all the three experiments.
Discussion
Effect of increasing concentration of BSA in the diluent on the sensitivity of HAIT appeared from 0.01%. An equal effect was obtained by 0.1% of BSA, when the sensitivity is about 0.8 iu/ml, and by 2% of NRS, when the sensitivity is about 1 iu/ml. Since the albumin concentration in NRS is found to be about 4%, albumin concentration in 2% NRS is about 0.1% which coincides with the concentration of BSA. This finding may suggest that "sensitivity increasing effect" of NRS is mainly ascribed to its albumin content than to other constituents.
When pregnant urines are diluted with PBS with or without 0.1% BSA in it, the ratios of the dilution of both solutions at the end point ring are 1.582 (is about 2.5) or more when urines are diluted more than 2.5 times, while the ratios are close to unity in less than 1.58 times dilution. This result indicates the "sensi- Each urine was diluted with PBS containing 0.1% BSA (BSA*) and PBS without BSA (PBS**) simultaneously *** Ratio of dilution at the end point ring. tivity increasing effect" inherent to the urine itself no longer plays any role at higher dilution, thus suggesting the amount of HCG necessary to form an end point ring is smaller at lower dilution than at. higher dilution of urine. We estimate the optimal concentration of BSA for this purpose at 0.1% which displays almost the same sensitivity increasing effect as urines shawn in Table 2 and 3.
The sensitivity increasing effect of urine differs from one individual to another as shown in Table 3 . Since protein concentration of all the urines listed in Table 3 was less than 0.005%,. difference in the sensitivity increasing effect could not be ascribed to protein content only. Although this effect of urine is comparable with that of 0.1% BSA, albumin content in normal urine is far less than 0.1%. Thus it should be supposed that unknown substance (s) is there in urine having the sensitivity increasing effect. Furthermore, a finding that the urine from the same individual at a different time had almost the same augumentation effect leads us to look for a causative factor in urine, the result of which will be reported elsewhere.
Present studies on the dilution method of samples used with HAIT revealed that a higher value was obtained by the direct dilution method than by the serial dilution method and by dilution in cool than at room temperature. Although the reason for those results is open for further investigation, degeneration of HCG by airation and temperature could be inferred. Wide (1962) reported that HCG dissolved in urine or serum kept the activity longer than that dissolved in saline. It could be, therefore, stressed that a protein in solution seems to play a protective action to HCG.
Based on the results mentioned above, the routine in our laboratory being used for semiquantitative assay of HCG by HAIT is as follows: a series of standard HCG as well as urine sample is dissolved in 0.1% BSA-PBS and direct dilution is preferably used.
